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Figure 2. Segmentation results in 2D images.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A301analysis with systems biology tools of the expression of intact cartilage
and its difference from healthy cartilage will enable us to identify what
causes the changes that make cartilage weak and prone to damage in
OA.
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FULLY AUTOMATED SEGMENTATION OF CARTILAGE FROM
MAGNETIC RESONANCE IMAGES USING IMPROVED 3D SHAPE
CONTEXT AND ACTIVE SHAPE MODEL
T. Ye, X. Cui, H. Kim. Inha Univ., Incheon, Republic of Korea
Purpose: Osteoarthritis (OA) is a disabling disease that is the primary
cause of chronic disability. Automatic segmentation of knee cartilage
has been useful for opportune diagnosis and treatment of OA. In this
abstract, a fully automated segmentation scheme is presented for
accurate extraction of bones and cartilage in Magnetic Resonance
Imaging (MRI) using improved 3D context and 3D Active Shape Model
(ASM).
Methods: The segmentation scheme involves the automatic extraction
of the bones based on improved 3D shape context combined with 3D
ASM, the labeling of potential bone-cartilage interface (BCI) bymeans of
considering intensity proﬁles in the vertical direction, and cartilage
segmentation using a probabilistic approach that utilizes prior knowl-
edge of intensities and locations from training sets. MRI images are
obtained from different scanners which lead to different ranges in
intensities. To solve the problem, the whole image is normalized by a
Gaussian distribution. Then 3D shape context is applied to obtain cor-
responding sets of landmarks. After bone segmentation using improved
ASM combined with shape context, the BCI is automatically detected
and extracted. Once deciding the cartilage areas represented by vertices
and faces, a probabilistic algorithm based on Bayesian method is
applied to the cartilage areas.
Results: This paper presents the results of the proposed model on 40
test data (SKII10). The improved 3D shape context approach can yield
higher accuracy in the matching stage, in particular, by reducing the
amount of wrong correspondences between the similar upper part and
lower part. One of cartilage segmentation results is shown in Figure 1.As
shown in Figure 2, middle ﬁgures show over segmentation problem of
femoral cartilage using original ASM and right ﬁgures show proposed
approach improve robustness to that problem. The Dice Similarity
Coefﬁcient (DSC), Sensitivity and Speciﬁcity are used for validating the
segmentation results. As can be seen from Figure 3, the average DSC
obtained for cartilages using the improved ASM algorithm is 0.81 higher
than the original one (0.59). The femoral cartilages are also evaluated
according to volumetric overlap error VOE and volumetric difference
VD. As shown in Figure 4, the robustness and accuracy is also empha-
sized by a media VOE of 37.57, VD of -28.28 comparing with VOE of
48.26, VD -39.61 by the original ASM algorithm.
One of the reasons that the original ASM does not work well for carti-
lage is the variation of the cartilage shape. Another reason is cartilage
thickness which makes it harder to be detected in the model. The
improved ASM also provides better segmentation robustness than the
original ASM due to the use of robust shape context feature descriptors.
ASM requires an initial estimate of model parameters including posi-
tion, rotation and scale, which is difﬁcult to determine the cartilage
initial position accurately. Due to relative simple shapes of knee bones
and the high contrast at the BCI, bone segmentation is easier and per-
form better than direct cartilage segmentation.Figure 1(left) ground truth of cartilage, (middle) original ASM algorithm
segmentation result, (right) improved ASM algorithm.
Figure 3. Comparison of ASM and proposed method.
Figure 4. Comparison of ASM and proposed method using VOE and VD.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A302Conclusions: This study proposed a fully automated segmentation
algorithm based on ASM that combines the 3D shape context to obtain a
better knee cartilage extraction, and its performance was compared
with the original ASM. For 3D shape context, a block approach was
applied to adapt to bone shape construction. This consideration pro-
vides faster convergence, better matching and produces a better bone
mean shape which inﬂuences the results of bone segmentation. Proﬁle
based BCI extraction method is applied to extract BCI. By extracting
proﬁles and a threshold value which was obtained from experiments,
the proposed approach achieves to be more efﬁcient than those which
only consider neighbor intensity.
475
IDENTIFICATION OF A NOVEL TARGET, FOXA2, IN THE ONSET AND
DEVELOPMENT OF OSTEOARTHRITIS
A.M. Ionescu y, L. Xu y, E. Kozhemyakina z, A. Lassar z, Y. Li y,
K. Kaestner x, M. Whitman y, V. Rosen y. yHSDM, Boston, MA, USA; zHMS,
Boston, MA, USA; xUPenn, Philadelphia, MA, USA
Purpose: The proposed studies are anticipated to establish whether
FoxA2 is a potential target for the treatment of OA, and also to provide
insights into mechanisms underlying OA initiation.
Methods: described in Results.Results: In OA, irreversible degradation of the “permanent” articular
cartilage by MMP13 is a key pathological event. Since I found that FoxA
factors control MMP13 expression in skeletal development, it seemed
possible they would to do the same in OA. Thus, we evaluated the
expression of FoxA2 in both healthy and OA cartilage using FoxA2IRES-
CreERT2/þ Tomato reporter mice. In healthy articular cartilage, the
majority of cells positive for FoxA2 expression (red) are located on the
tidemark (TM) or below, in the calciﬁed zone of the articular cartilage
(Fig.1). We also looked for co-localization of FoxA2 and MMP13 in
articular cartilage by performing immunoﬂuorescence for MMP13 on
sections from FoxA2IRES-CreERT2/þ;Tomato mice and found that
FoxA2 positive cells (red) and MMP13 positive cells (green) overlap in
the hypertrophic zone (overlay yellow) (Fig.1).
Next, we looked at expression of FoxA2 in OA articular cartilage using
the Destabilization of the Medial Meniscus (DMM)murine model of OA.
We performed DMM surgery on FoxA2IRES-CreERT2/þ; Rosa26LacZ
reporter mice, injected the mice with tamoxifen, and stained the knee
joints for beta-galactosidase activity. We found that the number of LacZ
FoxA2-positive cells located ABOVE the tidemark in the operated knee
articular cartilage is 3.4-fold higher than the number of FoxA2-positive
cells observed above the tidemark in the control knee (Fig.2). This
suggests that induced expression of FoxA2 above the tidemark corre-
lates with the localization of induced MMP13 expression in this murine
model of OA.
Since FoxA2 expression is induced in murine OA cartilage, we next
asked whether FoxA2 is necessary for cartilage degradation, and
examined whether the loss of FoxA2 in superﬁcial articular cartilage
would alter the progression of the disease in the DMM surgical model.
To delete FoxA2 speciﬁcally in the chondrocyte population above the
tidemark, we employed a mouse line that contains a tamoxifen-indu-
cible CRE recombinase (CreERT2) driven by the Prg4 (Lubricin) regu-
latory sequences. Tamoxifen treatment of Prg4GFPCreERt2/þ;
Rosa26LacZ mice induces recombination at the Rosa26lacZ locus and
labels the cells in the top 3 cell layers of the articular cartilage (Fig.3A).
Using this line, we speciﬁcally removed FoxA2 from the superﬁcial cells
of articular cartilage by injecting 6-week old Prg4CreERt2-GFP;FoxA2ﬂ/
ﬂ mice with either tamoxifen or corn oil followed by DMM or sham
surgery. At 16 weeks post surgery, knee joints were processed for
Safranin O/Fast green staining and scored for cartilage degradation
using the OARSI histological scale. While control (corn oil treated)
Prg4þ/CreERt2-GFP; FoxA2ﬂ/ﬂ mice (with intact FoxA2) displayed
signiﬁcant cartilage destruction following DMM surgery (OARSI score of
3.2), tamoxifen treated Prg4þ/CreERt2-GFP; FoxA2ﬂ/ﬂ; mice had con-
siderably less (42%) cartilage destruction (OARSI score of 1.9) (Fig.3B).
These ﬁndings demonstrate that loss of FoxA2 in articular cartilage can
slow the progression of cartilage destruction following surgically
induced joint destabilization.
I next asked whether overexpression of FoxA2 in murine articular car-
tilage cells is sufﬁcient to accelerate cartilage degradation. To drive
exogenous FoxA2 expression in articular chondrocytes, I have generated
mice containing the FoxA2 transgene driven by a reiterated reverse
tetracycline transactivator (rtTA) response element (TREtight-FoxA2). I
performed surgical destabilization of the medial meniscus on either the
triple transgenic Prg4CRE;rtTA;TgFoxA2 mice or their control
Prg4CRE;rtTA littermates both treated with Doxycycline. Control mice,
lacking the FoxA2 transgene, that have undergone surgery developed
mild symptoms of the disease (OARSI score 1.37±0.33). In contrast,
triple transgenic mice that have undergone surgery developed far more
